A large number of research has looked into the three dimensional (3D) related technology especially in 3D content capture, production, compression, and delivery. However, few research has addressed the design practice of interaction techniques for stereoscopic 3D video interaction. This paper presents a study of object selection in 3D from users' perspective. The aim is to learn the user preferences and user behaviour of selecting stereoscopic 3D content. The study suggests that interaction techniques affects users' decision of object selection in terms of chosen location in 3D, while user attitudes do not have significant impact. Furthermore, the ray-casting based interaction using Wiimote can outperform the volume-based interaction technique using the mouse and keyboard for object selection accuracy.
INTRODUCTION
The development of 3D display technologies has introduced a proliferation of 3D video related product into our everyday lives. TV viewers can immerse into 3D experience in their own living room and movie lovers can enjoy more vivid immersive experience in the theater. A significant amount of ongoing related research has addressed the issues of 3D content capture, production and delivery. 3D video provides an additional viewing dimension and thus offers more immersive experience to the audiences. Given this crucial characteristic of 3D video medium, surprisingly little attention has been dedicated towards developing intuitive interactive techniques for stereoscopic 3D video interaction.
The aim of our research is to study user practices and user preference of completing selection tasks for stereoscopic 3D content. In our previous pilot study ( [1] ) of user requirement elicitation for stereoscopic 3D video interaction, we revealed that object selection is the fundamental requirement for the proposed interactive system. This is consistent with the findings from previous literatures that selection has been considered as one of the primary techniques for interactive applications especially in a 3D virtual environmentHowever, few research has been focusing on studying user preference and user behaviour of selection in a virtual environment. In this study, we present a user study that investigate the impact of user attitudes, interaction techniques, depth profiles, and dominant eye on object selection in a stereoscopic 3D environment. Our intention is to learn how users select the stereoscopic 3D object in a virtual environment, and generate transferable benefits for the 3D stereoscopic video interaction in our future work.
RELATED WORK
There have been a number of studies that introduced advanced interactive 2D video user interfaces, facilitating intuitive interaction with 2D video content. DimP (Direct Manipulation Player) developed by [2] offer direct object manipulation of a video scene. Here, the user can browse the video by selecting and dragging an object in the scene instead of using the time-line slide. In addition, other features such as motion trajectories and annotations were presented by [3] , providing more categories for direct interaction with 2D video content. However, the research towards intuitive interaction for stereoscopic 3D video content is still little addressed. 3D interaction with computer generated (CG)/animated content has been extensively studied in virtual reality and 3D user interface research communities. [4] outline that 3D interaction consists of three common tasks: object manipulation, viewpoint manipulation, and application control. Many researchers have looked into the possible benefits from this emerging stereoscopic techniques to improve 3D interaction. Most of the research evaluate the stereo benefits for completing individual tasks such as selection or positioning. Previous research ( [5, 6] )reveal that stereoscopic viewing can help interaction in terms of improving user performance, and depth perception. As the advantageous benefits from stereoscopic technique, a lot of research has been dedicated to develop intuitive interaction techniques for 3D stereoscopic CG content. [7] present an interactive 3DTV interface with an intelligent remote controller, which enables the user to change the viewpoint from the controller according to a visual attention model. Furthermore, [8] introduced the concept of interscopic interaction which means the visualization of 3D data is using stereoscopic techniques whereas the user interaction is performed via 2D graphical user interfaces. [9] investigated user preferences of haptic interaction with 3D stereoscopic objects on a 2D surface.
EXPERIMENT
We conducted an experiment to ask participants to complete the object selection task in 3D using two interaction techniques, and two different user attitudes within twenty different depth profiles. The whole experiment is designed based on OGRE coordinates system (see part (a) in Figure 1 ). The interaction techniques are designed based on the most frequently used selection techniques in 3D interaction. One is the implementation of volume-based selection using mouse and keyboard (see (a) Figure 2 ). Mouse is used to control the movement of a virtual cursor along the X and Y-axis, the arrow keys are used to move the virtual cursor along Z-axis. The selection of an object is indicated by a mouse click, followed by a collision test activiation. If the object is chosen successfully, the bonding box of the chosen object will be visuble on Figure 2 ) to design an interactino modality of virtual laser pointer, which combined Wiimote, Wii motion plus, and Wii sensor bar. The usage of Wiimote and Wii sensor bar is used to locate the position of the source ray. The Wii motion plus is used to detect the degree of pitch and yaw of Wiimote that indicates the orientation of the source ray. The selection is executed by pressing the button A, which emits a ray to the scene. Once the ray hits the object, the appearance of bounding box of the chosen object indicates successful selection.
The user attitudes refer to two different requirements for participants to complete the task: take time to select, and select as soon as possible. Depth profile was used to simulate the different 3D scene.
Apparatus
The experiment was performed on a 46" JVC stereoscopic display with passive polarization glasses (Model number GD-463D10). The resolution of the display is 1920x1080 and the recommended viewing distance is 2 meters from the screen. The supported format for stereoscopic content is left and right side-by-side representation. We used one mouse, one keyboard, two Wiimotes with motion plus and one Wii sensor bar in the experiments.
Participants
There were 15 participants recruited for this experiment. They are all research students in the same research lab, 1 female and 14 male. All the participants have previous experience of watching 3D stereoscopic video and playing 3D games. The Dolman method known as hole-in-the-card test was used to determine participants' dominant eye, 5 of them are left eye dominant, and 10 of them are right eye dominant. Before conducting the experiment, each participant took a Randots stereo acuity test, and all participants had accepted stereo perception.
Procedure
The whole experiment consists of two parts. We used mouse and keyboard in part 1. We used Wiimote in part 2. Each part contained 2 sets. For the first set, each participant was asked to take time to choose 1 object out of 9 random objects which he/she likes the most, and then place the selected object at the randomly generated equal distance destination. For the second set, each participant was required to do the task as quick as possible. For each set, each participant needed to finish the selection task with 20 different depth profiles each trial for 3 repetitive times. The display was divided into 9 sub screens (see (b) Figure 1) . For each trial, 1 object was randomly generated to its respective sub screen within each depth profile. Therefore each participant completed the task for 2×2×20×3 trials for the whole experiment. It took around 30 minutes per participant to complete each part of the experiment, and one hour for the whole experiment. In addition, in order to cancel the possible learning effect, we divided all participants into three groups, each group was assigned different order of using interaction techniques to finish the experiment. For group 1 and 3, participants finish experiment part 1 and followed by conducting experiment part 2. For group 2, participants conduct experiment part 1 firstly, and then finish experiment part 2.
Results
The results in this section present the impact of different parameters on the user preferences of object selection in 3D.
User Attitude Impact
The participant was asked to choose the object in two different attitude, one was Take Time, another attitude was A.S.A.P (as soon as possible). ANOVA (Analysis of Variance) was used to analyze the statistic difference between two attitudes regarding the task completed time and task completed accuracy respectively. ANOVA showed a significant main effect (F1,1783=101.7, p=.000, see Table 1 ) of user attitude on the task completion time. It is not surprising that participant spent about one more seconds on average to completed the task in Take Time attitude than in A.S.A.P attitude. Accuracy in this study is measured by the distance of placed object away from the destination. The smaller the distance is, the higher the accuracy is. For accuracy, there was no significant difference between two groups (F1,1783=.99, p=.319), which indicated that the user attitude did not have significant impact on the accuracy of completing the task. In addition, we investigated the impact of user attitude towards the matter of where the participant wants to select the object in both 2 dimension (along X-Y axis) and the third dimension (along Z axis, see (a) Figure 1) . The chosen rate of each sub screen was indicated by the percentage of chosen objects, which was the number of chosen objects divided by the total number of objects allocated in this sub screen. The corresponding distribution of the object chosen percentage across sub screens is depicted in Figure 3 Sub screen 4, and sub screen 5 had highest percentage for both user attitude scenarios. Sub screen 2, sub screen 6, and sub screen 7 had around 10 percent of chosen rate. In addition, we did a pairwise correlation test between two groups. Significant correlation between two groups (r=.9483, p=.0001) indicated that the user attitude did not affect participants' choices of object selection in the 2D domain. Furthermore, we took a look at the user preferences of the object selection in the third dimension. We clustered the position of objects in third dimension into three categories: near, middle and far. We measured the percentage of chosen objects against all the objects that are in the same depth cluster (see Figure 3 (c) ). For both scenarios, participants preferred objects in front. The pairwise correlation test indicated the significant correlation between two groups (r=.9996, p=.0017). Therefore user attitude did not have effect on the user preference of object selection in third dimension. The analysis above was based on volume selection interaction technique using mouse and keyboard. Similar results have been found for ray casting selection interaction technique using Wiimote.
Interaction Technique Impact
In this part, two interaction techniques were used to find out how they affect participants' preferences of 3D object selection. The dependent variable was task completion time time and accuracy respectively, the independent variable was interaction technique, which contains M+K (Mouse+Keyboard) and Wiimote two categories. ANOVA indicated no significant difference (F1,1775=.07, p=.7891, see Table 2 ) of task completion time between two techniques. For the accuracy analysis, significant difference between two interaction techniques suggested that using Wiimote can offer higher accuracy of object positioning (F1,1775=17.61, p=.000). The comparison of object chosen rate in 2D between two interaction techniques across 9 sub screens is shown in Figure 3 (b)
The correlation analysis found correlation between two interaction techniques (r =.7523, p=.01) Although it was not highly correlated, sub screen 5 had the highest chosen rate for both scenarios and sub screen 2 and sub screen 6 had similar chosen rate. The analysis of user preference of object selection in the third dimension revealed that the participant was more willing to choose further objects using Wiimote (see Figure 3 (d) ). No significant correlation has been found between the two techniques in this case (r=-.664, p=.5373). The reason of such bias of object selection in the third dimension was because of the interaction techniques. The informal post experiment interview also backed up this result. It was easier to use laser pointer like metaphor to reach anywhere in the scene. The interaction technique had significant impact on the user preference of object selection in the third dimension, and less impact on the user preference of object selection in 2D.
Depth Profile Impact
There were 20 different depth profiles in this study, we conducted ANOVA test across different groups (user attitude group and interaction technique group) to investigate the relationship between depth profiles in terms of task completion time and accuracy respectively. The dependent variable was task completion time and accuracy respectively, the independent variable was depth profile.
As seen from Table 3 , there was no significant difference within depth profiles between different user attitudes, and between different interaction techniques. In addition, we compared the corre- lation of object chosen rate each profile for 20 different depth profiles across different groups. For the majority of the depth profiles, participants had similar preferences of object chosen rate across 9 sub screens no matter they take time to select the object or select the object as soon as possible. Only few significant correlation has been found for different interaction techniques. Numbers in bold in Table 4 indicate significant correlation between groups for each corresponding depth profile. The results indicated that for different depth profiles, user attitudes had less impact than interaction techniques on the user preference of object selection. This is consistent with the previous findings from 3.4.1 and 3.4.2.
Dominant Eye Impact
One of the previous work by [9] was about touch interaction with 3D stereoscopic content. The major finding indicated that dominant eye can significantly influence participants' choice of where to interact with the 3D stereoscopic object. Inspired by their work, the aim is to look at the impact of dominant eye in our case of object selection. The dependent variable was the relative horizontal distance between chosen object and centre of the screen, where minus distance indicated that the object is located at the left side of the centre and vice versa. The independent variable was dominant eye, where dummy variable 0 and 1 represents left eye dominance and right eye dominance respectively. In the hypothesis model 
Therefore as given in the Eq. 1, if the participant is left eye dominant (i.e. Eye = 0), the relative horizontal distance is -0.669. On the contrary, if the participant is right eye dominant (i.e. Eye = 1), the relative horizontal distance is -0.083 (see Figure 4 ). 
DISCUSSION AND CONCLUSION
This paper presents a study that investigate the impact of user attitudes, interaction techniques, depth profiles and eye dominance on the object selection in a stereoscopic environment. Regardless of the user attitudes and interaction techniques, participants have similar preference towards locations at the X-Y plane, i.e. the middle area of the screen is the hot spot for object selection, while the bottom right of the screen has lowest rate of selection. When it comes to the location in the third dimension, the impact of user attitudes using the same interaction technique is not so significant. Nevertheless, different interaction techniques result in entirely contrasting user preferences of object selection in the third dimension. Using mouse and keyboard, participants prefer to select objects that are closer to the audience, while the chosen rate of object selection gradually decreases as the depth increases. On the contrary, using Wiimote ray-casting approach, the highest chosen rate of object selection is at the deeper end, while the lowest selection rate happens at the front. This is in accord with the characteristics of the interaction techniques, where volume based selection is more challenging when reaching the objects far from the user, while the ray-casting selection provides more freedom of navigation in 3D.
The analysis of dominant eye impact indicated that participants with left dominant eye would select the object more relatively close to the left of the display. These results can be applied in the design and production of stereoscopic 3D video interaction systems and gaming, enabling user centered approaches and enhancing the user experience.
